Abstract. A 0.4 ha field was completely excavated to a depth of 900 mm at the University of Kentucky north research farm in 2006 and reconstructed during 2007 using the University of Kentucky Soil Regenerator. The Soil Regenerator is a mechanical system which mounts on a conventional bulldozer and works in coordination with scrapers or trucks to reconstruct soil while completely avoiding traffic compaction. The average measured soil reconstruction rate using the system is approximately 0.33 ha/hr. Four treatments of soil reconstruction were implemented in triplicate plots: 1) A-and Bhorizons mixed, no compost (AB); 2) A-and B-horizons mixed, 50 Mg/ha of compost mixed with soil (AB-C); 3) A-horizon (300 mm) placed over B-horizon (600 mm), with no compost (A/B); and 4) A-horizon (300 mm) mixed with 25 Mg/ha of compost placed over B-horizon (600 mm) mixed with 25 Mg/ha of compost (A/B-C) Corn (Zea Mays L.) was grown on the plots during
Introduction
Reconstruction of prime farmland has been a challenging component of surface coal mining in the U.S. and throughout the world. Societal concern regarding potential stream pollution and land degradation led to enactment of the 1977 Surface Mining Control and Reclamation Act (SMCRA, 1977) . Regulations were promulgated by states under supervision of the U.S. Office of Surface Mining. Reclamation of prime farmland was given special emphasis by SMCRA, specifically requiring reconstruction of cropland to equal conditions existing prior to mining.
Successful reconstruction of cropland has been compromised by compaction of soil by heavy equipment during reconstruction operations. The use of scrapers and rubber tired haulers, which are used extensively for earthmoving operations such as highway construction and building site development, has proven problematic in reconstructing surface soils traversed by these machines due to extremely high axle loads. Dunker et al. (1988) measured penetration resistance in prime farmland soils reconstructed in western Illinois using two methods; a) placement of mixed Aand B-horizon with a bucket wheel excavator, and b) placement of B-horizon with bucket wheel excavator and placement of 450 mm of A-horizon using scrapers. Surfaces for both methods were graded by small bulldozers. Penetration resistance at a depth of 640 mm (25 in.) was 30% greater when scrapers were used to replace A-horizon. Corn (Zea Mays L.) yield was slightly greater when A-horizon was added, however, yield from both reconstruction methods was approximately 60% that of un-mined soil from that location. Hooks et al. (1992) studied methods of soil reconstruction which attempted to minimize adverse compaction. Plots were constructed whereby B-horizon was placed on graded spoil using scrapers and trucks. In one treatment, B-horizon was placed by scrapers in layers 100-200 mm deep with requisite scraper wheel traffic. In the other treatment, trucks dumped B-horizon onto graded spoil and bulldozers leveled the surface. A-horizon [200 mm (8 in) ] deep was placed atop the plots by three methods. On the scraper plots, scrapers deposited A-horizon along opposite boundaries of the plots and bulldozers spread the A-horizon across the plots. In one set of truck plots, trucks hauled A-horizon onto the plots, while on the other, trucks dumped Ahorizon at opposite boundaries. Penetration resistance was highest in the scraper placed plots and lowest in the truck end-dumped plots where traffic was minimized. Average corn and soybean yield measured over six years was highest in the truck-with-minimum-traffic plots and lowest in the scraper plots. Yields from truck-with-minimum-traffic plots were slightly less than, but not significantly different from yields from an undisturbed nearby soil. Dunker et al. (1995) studied the effect of deep tillage in alleviating adverse compaction of soil during replacement using scrapers. They applied tillage treatments using chisel implements reaching 200-350 mm and subsoiler treatments reaching depths from 800 to 1200 mm. In four of five years after tillage, corn yields from plots tilled to 1200 mm (47 in) were not significantly different from an undisturbed soil nearby, while yields were significantly lower in all the other tillage treatments. Fulton et al. (2002) developed a concept for reconstructing soil after surface mining which utilized a powered auger in front of a modified conventional bulldozer blade (Fig. 1) . Most of the power available from the bulldozer engine (rated at 150 kW) was required by the running gear so an auxiliary engine mounted on the rear of the bulldozer was used to produce about 75 kW needed to operate the hydraulic motor which powered the auger.
University of Kentucky Soil Regenerator
Scrapers were used to place soil atop a graded spoil base in long windrows. As the bulldozer moved forward, soil rose up the blade and the rotating auger displaced soil into a windrow. Soil in the windrow was displaced to the void beneath the auger extending beyond the right end on the blade. When the auger height was set at the same elevation as the top of a previously deposited soil layer, that layer would be extended leftward. For example, if a scraper deposited a windrow 0.3 m deep and 3.7 m wide and the bulldozer moved forward at 1.6 km/hr, the soil reconstruction rate would be 1776 m 3 /hr. Modifications of the Soil Regenerator are described by Bodapati and Wells (2012) . The modifications included: remounting the blade at 94 degrees relative to the bulldozer azimuth, adding a movable extension on the left side of the blade and the addition of soil sensors at the end of the blade to control the length of the blade extension to modulate the volume of soil being displaced. They found that the modifications improved the levelness of reconstructed soil and increased reconstruction capacity to the target of 611 m 3 /hr (800 yd 3 /hr).
The objectives of this study, therefore, were:
1. To demonstrate that the modified Soil Regenerator can successfully reconstruct soil without traffic compaction.
2. To demonstrate that resulting levels of soil bulk density and soil strength remain at acceptable levels for crop production.
3. To determine effects of soil horizon segregation and compost addition upon corn yield in reconstructed plots.
4. To demonstrate that corn yield in plots reconstructed using the Soil Regenerator are greater than or equal to yield in undisturbed nearby cropland. The experimental treatments were replicated three times and were assigned randomly determined locations within the site (Fig. 3) . 
Measuring Soil Physical Properties
Soil bulk density was measured in the reconstructed plots using a dual probe nuclear soil moisture/density gauge (Fig. 4) . Parallel vertical 25 mm diameter access holes 300 mm apart were created by a tractor-mounted mechanism. Gamma photon (Ce 137 ) and neutron sources (Am
241
) and a neutron detector are mounted in one probe and a gamma photon detector is mounted in the other probe. The probes are lowered into the holes to the same depth to determine soil water content and soil bulk density. Soil dry bulk density is determined by subtracting bulk water density from wet soil bulk density.
Soil bulk density was measured at five locations in each plot 50 mm at depth intervals between 100 mm and 600 mm. Soil strength was also measured using soil cone penetrometer measurements. The measurements were recorded using a special apparatus by which five simultaneous measurements could be recorded at a location ( Four 760 mm rows were planted in each plot. Yield was measured by harvesting each plot and then emptying grain into a wagon equipped with a weighing system (Fig. 6) . The weight Figure 6 . Combine unloading grain harvested from reconstructed plots into a weigh-wagon.
harvested from each plot was recorded and samples were collected to determine grain moisture content at the time of harvest. Crop yield in Mg/ha was determined by determining the equivalent mass of grain harvested at 15.5% wet basis grain moisture content.
Results and Discussion
Soil Bulk Density- Figure 7 shows soil bulk density versus depth (z) between 100 and 600 mm measured in the plots in May 2008. The four profiles correspond to the four reconstruction treatments; with each point the average of 15 replicated measurements. These measurements corresponded to soil conditions approximately one year following reconstruction but prior to any cropping operations.
In fact, no traffic occurred on the plots prior to these measurements. Bulk density was slightly greater than 1.3 g/cm 3 at depths of 100 and 600 mm and varied between 1.2 and 1.3 g/cm 3 for 100 mm < z < 600 mm. These densities were substantially less than 1.5 to 1.6 g/cm 3 which is typical of this soil in a productive non-compacted state. There is an apparent decrease in bulk density for the A/BC treatment for 200 mm < z < 400 mm. These measurements will be repeated during 2012 to determine if this trend persists.
A possible explanation may be enhanced formation of soil microstructure arising from beneficial microbial activity. Soil Cone Index Figure 10 shows soil cone index (CI) measured in the plots during May 2008. Again, these measurements were recorded prior to any equipment traffic occurring on the plots. Soil cone index > 2 MPa (300 psi) is generally recognized as sufficient to restrict root growth in soil and thus is considered as severely compacted (Schwab et al., 2004) . Clearly, CI measurements in all plots were substantially less than 2 MPa and therefore not indicative of adverse compaction.
These results, along with bulk density shown in Fig. 7 , demonstrate that the Soil Regenerator is capable of reconstructing soil with negligible compaction. yield to the average corn yield measured in undisturbed fields proximate to the location of our plots. Table 2 shows analysis of variance results for the measurements recorded in Table 1 . There was no significant treatment effect (α = 0.05) upon measured yield in any year. However, when yield data from all three years were pooled, treatment 1 yield was significantly less than the average yield of treatments 2, 3 and 4 (α = 0.05).
These results appear to indicate that segregation of A and B soil horizons is not necessary. In fact, the highest average yield for all three years was measured for the mixed A and B horizons with compost added. Further inspection of the results indicates no apparent benefit from adding compost when soil horizons were segregated, especially in 2010 and 2011.
Conclusions
The conclusions of the study are:
1. The University of Kentucky Soil Regenerator was used to successfully reconstruct soil while completely avoiding traffic compaction.
2. Soil reconstructed with the Soil Regenerator maintained acceptable levels of soil bulk density and soil strength throughout the entire depth of reconstructed soil profiles (600 mm) for four years.
3. Reconstruction of soil by mixing soil horizons without adding compost produced significantly lower corn yield (α = 0.05) than the average yield of the other reconstruction methods. Average corn yield measured in reconstructed plots was numerically greater than the average yield measured on the University of Kentucky north research farm in two of three years, however, this difference could not be confirmed statistically.
4. There was no apparent effect of soil reconstruction method upon soil strength or bulk density, however, a statistical analysis will be completed after measurements are repeated in 2012. 
